Sentinel lymph node biopsy is now accepted as the initial approach for women with early stage breast cancer with clinically node-negative disease. We performed a pooled analysis of trials comparing axillary lymph node dissection to sentinel lymph node biopsy in patients with early stage breast cancer and pathologically negative sentinel lymph node analysis. A systematic MEDLINE review identified four randomized trials of axillary dissection versus sentinel lymph node biopsy in lymph node-negative early stage breast cancer patients. A meta-analysis was performed for survival and relapse. The combined analyses of these four trials found no significant difference in overall survival (relative risk [RR] 1.15; P=0.16; 95% CI: 0.95-1.39), breast cancer-specific (RR 1.03; P=0.85; 95% CI: 0.75-1.43) and disease-free survival (RR 1.07; P=0.3; 95% CI: 0.94-1.21), distant metastases (RR 1; P=0.98; 95% CI: 0.76-1.32), and ipsilateral breast recurrence (RR 1.64; P=0.34; 95% CI: 0.60-4.47) associated with sentinel lymph node biopsy. In particular, a similar rate of nodal recurrences was seen after sentinel lymph node biopsy (RR 1.74; P=0.13; 95% CI: 0.86-3.53). Axillary dissection does not confer a survival benefit nor prevent further nodal relapses in the setting of early stage, pathologically lymph node-negative breast cancer.
Introduction
Status of the regional lymph nodes is one of the most important prognostic factors in early stage breast cancer. The lymphatic drainage pathways of the breast (axillary, internal mammary and supraclavicular nodal groups) are the regional areas most likely to be involved with metastatic breast cancer. The axillary lymph nodes receive 85% of the lymphatic drainage from all quadrants of the breast; the remainder drains to the internal mammary chain. The likelihood of involvement is related to tumor size and location, histological grade and the presence of lymphatic invasion. 1, 2 In patients with clinically node-negative breast cancer, sentinel lymph node biopsy identifies patients without axillary lymph node involvement, thereby making more extensive surgery unnecessary. Axillary lymph node dissection has traditionally been a routine procedure in the staging and management of breast cancer. 3 However, sentinel lymph node biopsy is now the accepted initial approach for women with early stage breast cancer, and full axillary lymph node dissection is not necessary for staging purposes in clinically node-negative patients.
An old meta-analysis of six trials that included over 3000 women who were randomly assigned to axillary lymph node dissection or no axillary lymph node dissection demonstrated an average improvement in absolute survival of 4.5% at ten years with axillary lymph node dissection, (range 4-16%). 4 However, this analysis had several limitations: the trials were conducted over a span of four decades (1951 to 1987) , few patients with T1a tumors were enrolled, none of the trials used modern systemic adjuvant chemotherapy, and none enrolled women over the age of 70 years. A subsequent meta-analysis of three randomized trials comparing axillary dissection versus no dissection published between 2000 and 2007, as well as a fourth trial comparing axillary radiotherapy (RT) versus no axillary therapy, found no difference in overall survival, metastases or ipsilateral breast recurrence associated with axillary treatment. 5 This may be due to the widespread use of adjuvant chemotherapy and RT during this time frame, especially since breast radiation for breast conservation includes at least the low axillary field. Axillary RT may be a reasonable alternative to axillary lymph node dissection for clinically node-negative patients in whom pathological nodal status would not alter the therapeutic plan. In fact, another study 6 showed that the addition of axillary RT to total mastectomy compared to total mastectomy alone or radical mastectomy resulted in similar survival and similar nodal failure with respect to axillary surgery in node-negative patients.
Axillary lymph node dissection is now considered the standard of care for all patients diagnosed with early invasive breast cancer. However, axillary lymph node dissection carries a high rate of surgical morbidity. Lymphoedema is common and is generally the major concern for patients submitted to this procedure. Other complications could include seroma formation, shoulder dysfunction, loss of sensa-tion in the distribution of the intercostobrachial nerve, and mild edema of the arm and breast. Sentinel lymph node biopsy is a minimally invasive procedure designed to stage the axilla in breast cancer patients who have clinically negative nodes. According to the American College of Breast Surgeons (ACBS), sentinel lymph node biopsy is suitable for virtually all clinically node-negative T1-2 invasive breast cancer. 7 The aim of this pooled analysis was to review contemporary randomized trials of axillary dissection versus sentinel lymph node biopsy to assess whether there is any survival or disease control benefit to be obtained from complete axillary lymph node clearance in the setting of early stage breast cancers and negative sentinel lymph node status.
Methods of research

Selection of studies
We conducted an independent review of Medline and EMBASE citations with no date restriction. The key words included in the search were: BREAST CANCER and AXILLARY DISSECTION and SENTINEL LYMPH NODE. The search was further limited to randomized, controlled trials in humans published in English. When duplicate publications were identified, only the most recent or most complete report of clinical trials was included. The trials that met the following criteria were chosen for the analysis: prospective, randomized clinical trials in patients with breast cancer, patients assigned to treatment with primary tumor surgery (mastectomy or breast conserving surgery) and axillary dissection or sentinel lymph node biopsy with or without breast RT. Trials were excluded if they compared axillary lymph node dissection to axillary irradiation or no axillary treatment, and if they included locally advanced breast cancer. Axillary lymph node dissection for breast cancer is generally defined as complete en bloc removal of the level I and level II lymph nodes. Studies report outcome in terms of survival or recurrence rates. No analysis of complication rates of the two procedures was carried out.
Data extraction and clinical end points
Data extraction was conducted independently by two investigators (FP and SB), and any discrepancy between the reviewers was resolved by consensus agreement. For each study, the following information was extracted: author's name, year of publication, number of enrolled subjects, treatment arms, number of patients in control and experimental groups, median follow up, median age, stage of disease, hormonal receptor status, adjuvant therapy, progression-free survival, overall survival, breast cancer-specific survival, loco regional nodal recurrences, local recurrences, and distant metastasis.
The following end points were considered and included in the analysis: death from any cause (overall survival), death without breast cancer (breast cancer-specific survival), relapse-or disease-free survival (relapse or death from any cause), or regional nodal recurrences (axillary and/or supraclavicular and/or internal mammary if mentioned separately in the text) according to the 7 th TNM classification), distant metastasis and local recurrences (chest wall or ipsilateral breast).
Statistical analysis
All statistical analyses were performed using Review Manager 5.1 software, version 5.1 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). The number of events was extracted or calculated from the percentages reported in each publication. The proportion of patients with the above adverse outcomes and 95% confidence intervals (CI) was calculated for each arm, and the relative risk or risk ratio (RR) presented. A meta-analysis of RR was performed and both fixed-effect (weighted with inverse variance) and random-effect models were considered. The latter was calculated using the DerSimonian and Laird's method 8 which considers both within-and between-study variation. The statistical heterogeneity among the studies included was assessed using Cochrane's Q statistic, and the inconsistency was quantified via the I 2 statistic, which describes the percentage of total variation among studies due to heterogeneity rather than chance; a value of 0% indicates no heterogeneity, while values 0-100% show increasing heterogeneity. The assumption of homogeneity was considered invalid for P<0.1; in this case, we reported summary estimates from random-effect models. Finally, potential publication biases were evaluated using Begg's funnel plots, and then with both Begg and Egger's tests, to examine the relative symmetry of individual study estimates around the overall estimate. A two-tailed P<0.05 was considered statistically significant.
Results
The search retrieved 190 results, a review of which led to a total of six trials: five evaluating axillary lymph node dissection versus sentinel lymph node biopsy only if the sentinel nodes were negative on routine pathological analysis, [9] [10] [11] [12] [13] and one evaluating axillary lymph node dissection versus sentinel lymph node biopsy if 1-2 sentinel nodes were positive only on hematoxylin and eosin staining, and the patient was a candidate for conservative surgery and post-operative RT. 14, 15 The ACOSOG Z0011 trial, published in 2011 with final survival data 15 was excluded from the final analysis because it included only pathologically node-positive patients. At the end of the selection phase, we decided to exclude the Mansell trial 13 because it was published reporting an analysis that was carried out after only a median of 12 months of follow up. A total of 5450 patients were, therefore, available for this pooled analysis. There were no significant differences in the baseline characteristics of patients (age, tumor size, histological type, tumor grade, type of surgery and adjuvant therapy) between sentinel node biopsy and dissection groups in the included trials (Table 1) . Both the process of sentinel node identification (using isosulfan blue, a radiopharmaceutical, or both) and the types of breast surgery differed between studies (mastectomy or breast conservation treatment) ( Table 2 ). The studies included were all well-designed and were of high methodological quality, with a balanced distribution of patients between groups. Median follow up ranged between 56 months and ten years.
Overall survival
All four trials reported overall survival data (n=5424 patients). [9] [10] [11] [12] There was no difference in overall survival between the two methods of axillary mapping (RR 1.15; P=0.16; Figure 1 ). A risk difference of 1% was calculated (P=0.17).
Breast cancer-specific survival
Breast cancer-specific survival (i.e. the probability of surviving cancer in the absence of other causes of death) is a measurement parameter that is not influenced by changes in mortality due to other causes. It, therefore, provides a useful way to track survival over time according to the two different surgical treatments analyzed. All trials reported death events without breast cancer 9-12 for a total of n=5424 patients. One hundred and forty-three death events without breast cancer were recorded with no difference between arms (RR 1.03; P=0.85; Figure 2 ) and there were only 3 more deaths in the sentinel lymph node biopsy arms (risk difference <1%; P=0.86).
Disease-free survival
No overall difference in disease-free survival was reported in the meta-analysis (RR 1.07; P=0.30) of the four trials reporting this data for a total of n=5424 patients. [9] [10] [11] [12] 
Ipsilateral breast tumor recurrences
Four studies reported local recurrences (ipsilateral breast tumor relapses) 9-12 for a total of n=5424 patients. There was no significant difference in the type of relapse between sentinel lymph node biopsy and axillary lymph node dissection (RR 1.62; P=0.34; 9 more events in sentinel lymph node biopsy arms).
Loco regional recurrences (axillary and supraclavicular)
The main concern regarding the sentinel lymph node biopsy procedure is the risk of axillary relapse. Nine more loco regional nodal relapses were recorded in the axillary lymph node dissection arms. All trials reported axillary or supraclavicular recurrences. [9] [10] [11] [12] The RR was 1.74 (P=0.13; with low heterogeneity among trials [I 2 0%] according to a fixed effect model; Figure 3 ). The corresponding risk difference was less than 1% (P=0.12). Only three trials reported axillary and other different regional node (e.g. supraclavicular) recurrences separately so [page 162]
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we decided to group nodal relapses together as loco regional recurrences, without any significant change to outcome.
Distant recurrences
Four trials reported the rate of distant metastasis. [9] [10] [11] [12] There were similar numbers of distant events in the two arms (n=98 and 97 in sentinel lymph node biopsy and axillary lymph node dissection trials, respectively; RR 1; P=0.98).
Publication bias
Neither the Begg and Mazumdar rank correlation test (P=0.22) nor Egger's test (P=0.29) were significant. The funnel plot for analysis of loco regional recurrences is shown in Figure 4 .
Discussion
The sentinel lymph node technique is based upon the observation that tumor cells migrating from a primary tumor metastasize to one or a few lymph nodes before involving other sites. These nodes (the sentinel nodes) can be identified through the injection of vital blue dye and/or radiolabeled colloid around the tumor, while their status accurately predicts that of the remaining regional lymph nodes. 16 Sentinel lymph node biopsy has become the preferred nodal mapping technique for axillary staging because it has proved to be as accurate as axillary lymph node dissection with less morbidity. 17 This pooled analysis compared the outcome of sentinel lymph node biopsy to that of complete axillary dissection in early stage pathologically node-negative breast cancer. Analysis confirms that clearance of the axilla is not necessary in this setting if adjuvant radiotherapy and systemic therapy are offered. In fact, survival and recurrence are not adversely affected by the omission of complete axillary staging.
The risk of a false-negative sentinel node procedure is that undiscovered, occult, positive nodes could grow into an overt clinical axillary metastasis if left untreated. However, on the basis of long-term followup studies of sentinel node mapping, this is unlikely. 11, 16 In our analysis the false-negative rate ranged from 2.4 to 22.9 but the RR of axillary recurrence (or of any loco regional nodal recurrence in the supraclavicular region) and of distant metastasis did not increase if there had been no complete axillary clearance. Also, a study with a follow-up of 56 months has reported that the oncological impact of a false negative in terms of axillary recurrences was minimal. 18 The main factor underlying this result could be the low risk of relapse of these early breast cancers in the presence of both adjuvant RT and systemic therapy. Modern adjuvant therapies, both chemotherapy and hormonal therapy, are known to diminish loco regional recurrence in breast cancer patients. 19 In addition, it is known that standard opposing tangential fields irradiate the sentinel lymph node operative field, much of the level I axilla, and a portion of the level II axilla. The protective role of RT was observed in the NSABP 04 trial in which randomized patients with clinically node-negative breast cancer to radical mastectomy, total mastectomy alone or in combination with RT. 6 Although the 10-year survival was similar in all three groups, the axillary failure rate was significantly higher in women treated without primary axillary lymph node dissection (18%) compared to those undergoing RT or initial axillary lymph node dissection (3.1 and 1.4%, respectively). In the same trial, however, no patients underwent systemic adjuvant therapy that could have prevented most of the recurrences (enrollment occurred between 1971 and 1974 when no standard treatment was available). The independent and possibly additive effect of RT on medical adjuvant therapy (chemo and/or hormonal) probably leads to a reduction in the loco regional and distant failure rate, as shown in our analysis of contemporary trials on pathologically negative lymph node breast cancer. In fact, in a recent meta-analysis of the effect of RT in pN0 breast cancer after breast conserving surgery, 15-year risk of death was reduced by 15%. 20 One of the advantages of sentinel lymph node biopsy is that it allows the pathologist to perform a more detailed study of one or a few lymph nodes that are most likely to contain metastases, compared to lymph nodes obtained via axillary lymph node dissection. The presence of metastases that remain undiscovered using classical hematoxylin and eosin staining can be easily detected by immunohistochemical (IHC) analysis. However, the significance of these occult micrometastases is still a subject of debate. In the NSABP-B32 study, in which 3887 women underwent sentinel lymph node biopsy alone or sentinel lymph node biopsy plus axillary lymph node dissection for invasive breast cancer, micrometastases were an independent adverse prognostic factor and were associated with an increased risk of distant disease and death. 20 In our analysis, all trials permitted IHC analysis of sentinel lymph nodes in cases of ambiguous or suspicious findings with classical stain. [9] [10] [11] [12] A further study that permitted hematoxylin and eosin staining only had a 1-year follow up 13 but this was not long enough to discover late (occult) relapses and so was not included. The recent ACOSOG Z0010 trial confirmed the efficacy of hematoxylin and eosin staining only for the detection of micrometastases in sentinel lymph node biopsy, and the futility of IHC that does not confer prognostic significance. 21 However, in light of the included trials, the double IHC plus hematoxylin and eosin staining should still be considered standard of care.
Overall, this pooled analysis shows two major outcomes for the sentinel lymph-node procedure. The first is that the survival of a patient with pathologically negative sentinel nodes is the same whether she undergoes complete axillary dissection or sentinel node mapping. In particular, the rate of loco regional failure is the same regardless of the procedure. The second and obvious conclusion is that many patients could be spared the burden of the procedures' complications, with obvious time and cost savings for the healthcare system. However, our analysis has some obvious limitations. First, potential selection bias was introduced with different inclusion criteria in the studies examined (e.g. tumor size). Second, potential operative biases were due to different follow up, different levels of surgeons' expertise, type of sur- gery performed and types of adjuvant therapies, despite the fact that every trial adopted a specific protocol for the selection of postoperative treatment. These factors were, therefore, not taken into consideration when performing the present meta-analysis due to the lack of individual patient data. Finally, approximately 70% of the whole weight of the meta-analysis depends on data from the NSABP B32 study. However, excluding the retrieved study with the shorter follow up (12 months), sentinel node biopsy only remains a procedure associated with similar control of disease (regional nodal relapses) and outcome (overall and breast cancer-specific survival) to that seen with complete axillary dissection in node-negative early breast cancer.
Review
Conclusions
In summary, this review and pooled analysis of recently published randomized trials of axillary lymph node dissection treatment compared to sentinel lymph node biopsy in early (clinical node-negative) breast cancer demonstrates that axillary lymph node dissection is not associated with any survival benefit. In particular, complete axillary clearance does not appear to be justified for the prevention of axillary (and loco regional) nodal relapses nor distant metastasis. Completion of axillary lymph node dissection is not mandatory for patients with a sentinel lymph node biopsy that is negative on hematoxylin and eosin stained sections, assuming that patients will be adequately treated with whole breast radiation and some form of adjuvant systemic therapy. The overall cost and burden of toxicity associated with axillary lymph node dissection could be reduced by implementation of sentinel lymph node biopsy alone in the majority of stage I-II breast cancers; at the same time, quality of life could be improved with no adverse effect on survival.
